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1. GENERAL 

1.01 This section is intended to provide REA borrowers, 
consulting engineers and other interested parties with 
technical information for use in the design and construc- 
tion of REA borrowers ' telephone systems. It discusses 
in particular the application of the REA-l Transposition 
system. 

1.02 The REA-l Transposition System provides transposition 
patterns for up to- el^t pairs on two lype A or Type B 
crossarms. The crossarm pacing is 24 Inches. This 
tianposition system provides for only four pairs per 

10 foot crossarm in order to obtain increased separation 
between pairs. Voice frequency and carrier frequency 
circuits may be routed over any pair. The carrier 
systems may be trunk or subscriber of both. The trans- 
position system provides for the use of point trans- 
positions in windy areas and tandem tranpositions in 
non-windy areas. a.nce the pole pairs are omitted in ai T 
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1.032 Crosstallc Performance of REA.~1 gystem. The 
expected crosstalk perf otrniance orer a’ range of 
carrier frequencies is outlined on Table 1 and 
discussed in Paragraph i|,^ EMGINiERING 
CQNSIDERA.TIQSS. 

1.033 Absorption Losses . At the higher carrier 
frequencies a considerable part of the energy, 

•which it is desired to transmit over a pair^ may- 
be absorbed in adjacent 'wires. Such extra trans- 
mission losses are discussed under ENGINEERING 
CONSIDERATIONS. 

PHYSICAL DESCRIPTION 

2.01 Figures 1, 2, 3 and ii and T^le 2 indicate the physical 
layout of the REA-1 Tran^osition System. Two hundred 
and fifty-six "taransposition poles are shown on Figure 1. 

T'Jhen "tiiere are two or more paurs of wires, at. least one 
pair is transposed at each transposition pole. There may 
be one or more additional (set-in) poles be'tween any two 
tran^osition poles depending on idiether or not it is 
practicable to string ‘the wires in straight lines between 
tran spos ition poles. The discussicai in Paragraph 4 — 
ENGINEERING CONSIDEEU.TIQNS assumes that an average trans- 
position pole pacing of 300 feet is representative. The 
effect of other average transposition pole spacing s on 
the tisable frequency range is also discxissed there. Per- 
missible deviations in tran^ositicai pole spacing below 
or above the average are discussed in Paragraph U.06. 

2.02 Diagram of the REA-1 Transposition System 

2.021 The layout of the REA-1 Tran^osition Gys-fcem is 
shown in Figure 1. Each vertical line on the 
diagram indica-tes a transposition pole. Circuits 
1, 3, 6 and 8 are usually tran^osed at the even 
numbered tran^osition poles. Circuits 2, U, 5 
and 7 are usually transposed at the odd nuinbered 
tran^ositian poles. It may be noted that -there 
is considerable similarily to the R-1 system 
exc^t for poles sdiich are multiples of 25. This 
was fficplained in paragraph 1.031. It should be 
also noted that -the -tran^ositions at trans- 
position pole 256 on Figure 1 are different from 
those at this pole as shown on Figures marked 2 and 2 A 
and at-tached to tentative memoranda on the REA-1 
Transposition system. 
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2.03 The REA-1 pattern is to he repeated if the line is longer 
than 256 spans. The transposition pole numbers 0 to 257 
shown on Figure 1 are theoretical and may not correspond 
to the normal exchange pole numbering. As noted in 
Figure 1, the transpositions on transposition poles 257 
to 512 are like those at transposition poles 1 to 25o. 

For p>y amp le transposition pole 375 is transposed like 
pole (375 minus 256 ) or pole 119- However, Figure 1 is 
not to be considered as a_ "transposition section" nor is 
pole 256 an "S" pole. 

2.. oh- Any pair may leave the main lead at any transposition 

pole or dead end. However, better crosstalk performance 
is to be expected if a particular pair leaves the lead 
at an even nunibered pole: still better perfor man ce is to 
be expected if the circviit leaves at pole 6h- or 128 or 
256 or 512 rather than a few poles more or less than 
these numbers. At a jimction between the main lead and a 
branch lead, the transnosition pole numbering on the main 
lead shoTild be continued on both leads . 

2.05 The pole numbers shown are arbitrarily started with zero, 

which is a dead-end pole, either at the central office or 
at the entrance cable jxinction pole. The pole top 
assembly for the dead end (at pole zero) should be selec- 
ted from Figure 8 so as to preserve the wire spacing as 
indicated in Figures 2, 3? 5 and 6. 

2.06 The crosstalk and noise performance of a pole line em- 
ploying the REA-1 system was coinputed for a maximum 
length of 5-^ spans . It is thought that such a length is 
anple for most applications. ,A discussion of longer 
lengths is given vinder Engineering Considerations, para- 
graph h. The absorption peak performance of a pole line 
eii 5 )loying the REA-1 system was confuted for a maximum 
length of IO 2 I+ spans. 

2.07 The pole top assembly at the last dead-end pole should be 
selected so as to preserve the wire spacing (see para- 
graph 2 . 023 ) . No transpositions should be installed at the 
last pole. In ca-se 2, specially spaced dead-end clevises 
should be used to preserve the normal wire spacings shown 
on Figure 3. However, with clevises the pinch- in spacing 
may be 3" rather than 2.5"- If the last dead-end pole is 
an even-numbered transposition pole, the spacings of 
Figure 8, DET C are correct for the top crossarms. For 
the second arm the crossarm is rotated I 80 degrees. 
Specially spaced dead-end clevises should also be used 
yhen one- or more pairs leave the line at an intermediate 
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3.033 To permit the use of the hi^er carrier frequencies 
over pairs of the REA-1 system, manufacturers may 
resort to the following means of reducing crosstalk 
between carrier systems transmitting the same 
r-hannAi hands in the same direction over differ- 
ent pairs of wires: (l) use of normal and stag- 
gered frequency allocations (2) use of frequency 
or phase modulation (3) use of compandors. 

3.04 Level Coordination. Proper application of the EEA-1 
TV ang rnfi-lt.inn Svstem depends upon level coordination 
among the various carrier systems on the pole line, 
level differences of the same frequencies in the same 
direction of transmission should be engineered not to 
exceed 3 db. This may be accomplished throu^ the use of 
attenuator pads or other means of oul^ut level control as 
discussed in REA— TE and CM Section 

3.05 T ans on Pole line . Wien a pair or drop carrying only a 

voice channel is tapped onto a pair with one or more 
carrier s on a pole line transposed to the EEA-1 

system, a voice pass filter must be placed in the tapping 
pair or drop if one or more carrier channels ^e routed 
over the tapped pair. The pttrpose of a filter is to pre- 
vent carrier frequency currents from entering -the tap. 

If a carrier channel is routed over the tap, it Is neces* 
sary to place filters in both the tapping pain and the 
tapped pair. These filters prevent other carrier channel 
currents from entering the tap. They also prevent the 
carrier channel routed over the tap from transmitting in 
both directions -on the main line which woxild increase the 
probability of crosstalk and cause carrier frequency 
transmission loss. Carrier manufacturers’ recommendations 
should be obtained as to the proper type of filters. 

3.06 Due to crosstalk and attenuation characteristics of cable, 
it may be -desirable to overbiiild cable with one crossarm 
of the REA-1 system. The possibility of interaction 
crosstalk via the cable strand or sheath makes it neces- 
sary that vertical distance from the wires to the cable 
be kept at a minimum of two feet . 

3.07 Oth er Transposition Systems . In general it is recommended 
that the EEA-1 transposition system be not en^jloyed on 
the same pole line with any other tran.sposition system. 
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4.05 Mixture of Point ^Type and Tandem !I^ype Transpositions . 

As discussed in par^raph 2.02^, in case 2 for which, tan- 
dem transpositions are largely used, there is occasional 
vise of point type transpositions. With this exception, a 
pole line should not have a mixture of the two kinds of 
tran^ositions . ,Ih other words, a line should not he 
transposed partly in accordance with cases 1 and 3 of 
Table 2 and partly in accordance with case 2. Such pro- 
cedure would cause too much variation in the crosstalk 
coupling per span between two pairs. 

^.06 Control of Irregalarities of Pole and Wire Spacing . 

^•06l Differences in Wire Sag . For satisfactory cross- 
talk performance to be realized, the difference in 
the sags of the two wires of a pair should not be 
excessive. It is recommended that in initial con- 
struction the deviation in sag ,of any wire from 
the sag recommended by the wire manufacturer be 
limited to two inches to allow for additional devi- 
ations later on. 

4.062 Difference in Transposition Pole Spacing - 

Let U be the deviation, in feet, of a tran^ositiou 
interval from the average length of all the inter- 
vals. (For the BEA-1 system, the average interval 
may be about the same as the average span length). 
Let L be the lergth of the line in feet . The rule 
is: 
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7 X l6^ + 112^ or 14^33^ which is prac- 
tically 6L. The TnayiTtinTTi permissible devi- 
ation of any interval of the eight from 
the average interval wovild be 1 12 feet. 

The maximum permissible deviation increases 
with the number of spans. By keeping all 
the deviations but one as small as possible 
the maximum positive deviation (increase 
over average interval) may be calculated 
from the 'following formula: 

M s y 6 (N-l) A 


M is the maximum deviation in feet^ 

N ■ number of intervals and A is the 
average interval length in feet. 

For N ■ 64 and A - 300 , M is about 
337 feet. In order to permit this value 
of M and not change A, all other (N-l) 
intervals must be shorter than A by 

or about 5 feet. More precisely. 


all other intervals must be shorter than 
A and the sum of the squares of their 

Tn^IT • 


deviations must be 
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k .0632 At the top of this figure is shown two 
transposition intervals between trans- 
position poles 2 and k for two representa- 
tive pairs 1-2 and 3”^' solid lines 

show the configuration of the wires if 
there were no non-transposition pole. 

TTflTf of a tandem transposition is shown in 
pair 1-2 at pole 2. The dotted lines show 
a possible method or taking care of the 
non-transposition pole. This method is 
satisfactoiry from the crosst a l k standpoint. 
However, since pair 3-^ arrives at trans- 
position pole 1 with l4 inch spacing an 
expensive point type transposition would 
be required. The practical solution is to 
rebore the crossarms at the non— transposition 
pole in such a way that the solid line con- 
figuration is approximately maintained at 
the non-transposition pole. For the two 
pairs on Figure 5, new pin holes (and num- 
ber 17 insulators) would be required for 
wires 2 and 3» 


l|-.0633 At the lower part of Figure 5 is shown a 
transposition interval (pole 2 to pole 3) 
with two non-transposition poles. In this 
case, the wires can be arranged, as indi- 
cated by the solid lines. In general, if 
there are an even number of non-transposition 
poles in a transposition interval, no rebor- 
iixg is required. If there are an odd number 
of non-transposition poles in a transposi- 
tion interval, the crossarms on the non- 
transposition pole nearest the end of the 
interval must be rebored. The points where 
the new pin holes are to be bored may be 
determined by inspection of Figures 3 8Jid 5* 
Sufficient wire spacing accuracy may be 
obtained by assuming there is one non- 
trauisposition pole at -vrtiich the reboring 
is done midway between two adjacent poles. 

It is desirable to realize this condition 
if at w-ii possible. The new pin hole 
spacings for the rebored crossarms (either 
first or second) is shown at the bottom of 
Figure 5* 
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4.09 Tree Wire . It sometimes happens tliat proper tree, trimming 
is in^jracti cable. In view of the objection to inter- 
mediate cables discussed in paragraph 4.08^ single insu- 
lated conductors (called tree wire) should ordinarily be 
used in such situations. 

4.10 Measured Crosstalk. Losses . G3ie upper sketch of Figure 9 
indicates two like pairs of wires a and b extending from 
A to B. The meas;ired near-end crosstalk loss at end A is 
indicated by the crosstalk path Xn* 5his is the insertion 
loss between the A end of pair a and the A end of pair b. 
The measured far-end crosstalk loss at end B is indicated 
by the crosstatlk path Xp. This is a transmission loss 
measured by coitparing the power delivered at end B of 
pair a with the power delivered at end B of pair b. There 
is also a near-end crosstalk loss at end B which is 
measured by sending on pair a and receiving on pair b. 
Likewise, there is a far-end crosstalk loss at end A 
which is measiared by sending on pair a at end B and 
conparing the two received power values at end A. 

4.11 Aimed-at Crosstalk Losses . The aimed-at crosstalk losser; 
are 50 db or more for, the far-end loss and 40 db or more 
for the near-end loss. 

4.12 Estimated Crosstalk Losses . The estimated crosstalk 
losses for the various pair combinations, for various 
frequency ranges and for lengths up to 512 transposition 
intervals averaging 3OO feet are given on Table 1. The 
tabular values were obtained partly by calculation and 
partly by a study of the results of a field trial on 128 
t-r a-na position intervals averaging 300 feet. In this trial 
there were four pairs on the top crossarm and the two end 
pairs (11/12 and I9/20) on the second arm. All six pairs 
h^ taodem-tjpe transpositions. 1100116 the crosstalk loss 
values depend some-vdiat on the number of transposition 
inteorvals, it is felt that Table 1 is stiitable for engi- 
neeonng carrier systems. As noted in paragraph 4.03 # if 
the average transposition inteorval is not 300 feet but L 
feet, the kilocycles on Table 1 should be multiplied by 

300/L. 

4.13 Inteorpretation of Table 1 . On this table, far-end cix)ss- 
talk losses less than the objective of 50 db (or more) 

are underlined. To use two carrier systems in a frequency 
range 'vdiere the far-end loss fails to meet the objective 
(by an important amount), it is necessary to use carrier 
systems having a crosstalk advantage to make up for the 
deficiency in croscoallc losT!^ (See paragraph 3 . 033 .) 
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crosstalk loss Xjy at the B end of circuit b. The 
crosstalk losses are equal and should 

not be less than 50 db. 

it-. 152 Near-end Crosstalk Less . If fn were the same 

carrier frequency as the talker could talk 
throu^ the carrier terminal at throu^ the 
near-end crosstalk path Xjj^^ throii^ the carrier 
termnal at and be heard at the A end of circuit 
b. In other words, there is a voice frequency 
near-end crosstalk path Xjgy between the A end of 
circuit a and the A end of circuit b. There are 
transmission gains in both transmitting and re- 
ceiving carrier terminals in order to offset the 
carrier line loss L. As a result the talker's 
volume is reduced by the crosstalk loss Xjq^ but 
increased by a gain equal to L. The crosstalk 
volume at the A end of circuit b would usually be 
intolerably loud if £2 were equal to fj_. Since £2 
is not equal to f^, there can be an electrical 
filter in the receiving carrier terminal at A^ 

Tdiich receives £2 but offers a considerable loss 
to f^. -As noted on Figure 9 , Xjjy * Xjq - L ^ 1^2 
\diere is "tb-e loss of the filter at frequency 

fl* Xjjy'^snould not be less than 50 db. 

4.153 Reflected Near-end Crosstalk loss . Even thou^ 

Xjiy can be made a large loss by efficient filter- 
ing, it is inportant to limit Xmi because of re- 
flected near-end ci-osstalk. A crosstalk current 
is transmitted throu ^ ^Hl* ^ inpedance en- 
countered by this current in entering the receiving 
carrier terminal at Ajj is not equal to the im- 
pedance of the carrier line, a portion of the 
crosstalk ciirrent is reflected and transmitted to 
B|3 -vdiere the crosstalk can be heard. A similar 
reflection effect can occur at the receiving 
carrier terminal at Bg^. Also, reflections can 
occur at any point in either carrier line -where 
there is an inpedance irregularity such as that 
caused by a length of cable. Since it -would be 
too costly to make Xiji as large a loss as Xpi, it 
was decided to aim at a value of Xm ^ich is not 
more than 10 db less than Xpi- This means that if 

more than about 32 ^ of the hear-end crosstalk cur- 
rent is reflected, the reflected near-end current 
becomes larger than the far-end crosstalk current. 
Reflection reducing devices at the junctions of open 
-wire and cable -will usually be necessary. 
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In view of th.e conrp3J.cation of the old line in the 
22 mile trial, another trial may show smaller per- 
centage Increases. 

4.161). Calculated Absorption Peaks helow Critical Fre quency 
Range. Pairs with very simple transposition pat- 
terns (such as 7/8) <3.0 not, in theory, have ahsoip- 
tion peaks below the critical range. For other 
pairs, relatively smal l peaks below the critical 
range are calculated. These are appreciable in 
long lengths such as 512 to 1024 300 foot transpo- 
sition intervals. However, it is thou^t that the 
attenuation correction discussed above will take 
care of these minor absorption effects. 
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TABLE I 

CrosstaUc Performance of REA-L Transposition System. Estimated 
Minimum Near-End and Pax-End Crosstali losses db for Lengths 
Up to 512 Transposition Intervals Averaging 300 Feet (29.1 Miles; 
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FIGURE 5 


CASE 2- TREATMENT OF OCCASIONAL NON-TRANSPOSITION POLES 
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MATERIAL 


NO.REQ'D. NO.REO’D. 


NO. REQ'D. 


NO. REO'O. 


CROSSARM. 3 1/4"X4 l/4"XI0'-0“ (TYPE BETA) 


I 


CROSSARM. 3 l/4''X4 1/4" X lO'-O" (TYPE DETB) 


CROSSARM, 3 l/4"X4 l/4"X 10-0 " (TYPE DETC) 


CROSSARM. 3 1/4“ X4 l/4‘'XI0-0'' (TYPE DETD) 
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BRACE. FLAT. I 7/32" X 7/32" X 30" 
LOCKNUT ( FOR 5/6 " BOLT! 
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DEADENDS, SINGLE C ROSS ARM (TYPES DETA, DETB, DETC, 
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FIGURE 7 
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